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ABSTRACT

Malaria is endemic in about 90 countries of the world, half of which are in Africa.
Little is known about the demographic impact of the disease, however. This paper uses
demographic methods to examine the impact of mortality from malaria on overall
mortality in a hyperendemic rural African setting. We use longitudinal demographic
surveillance data from northern Ghana to estimate the total number of person-years that
would have been saved had malaria been eliminated from the population in 1995, given
the age- and cause-specific mortality conditions of the period and gains in life expectancy
that are implied. Results suggest that as many as one-third of deaths in this population are
attributable to malaria, depending on the age group under consideration, and that life
expectancy at birth would likely increase by more than six years if malaria were
eliminated as a cause of death.



For many tropical countries, malaria remains one of the most difficult health
challenges. It is endemic in about 90 countries of the world, half of which are in Africa
(WHO 1993). Malaria is estimated to affect between 300 and 500 million people
worldwide every year, with 90 percent of all cases occurring in Africa (WHO 1998 and
2001). The disease is reported to be the leading cause of morbidity and mortality in
Africa, accounting for about 20-30 percent of all infant deaths (Molyneaux 1985). Apart
from the heavy toll in human lives, the medical costs and number of workdays lost to
malaria in many African countries are great.' In Ghana, malaria is reported to account for
about 40 percent of all outpatient cases in hospitals and other health institutions (Ministry
of Health 1999). According to the Ghanaian Ministry of Health, about 25 percent of all
deaths among children below age five in the country are attributable to malaria.’

The social and economic costs of malaria in Africa are huge. The World Health
Organization (WHO) estimates that malaria retards African economic growth by 1.3
percentage points per year (WHO 2000). The benefits of controlling the disease would,
therefore, be great. According to WHO (2000), sub-Saharan Africa's gross domestic
product (GDP) in 2000 might have been 32 percent greater had malaria been eliminated
35 years ago, an estimated increase of $100 billion in the region’s current GDP of $300
billion.

Virtually all of the efforts to eliminate or control the disease in Africa to date have
failed. Modest successes that were made in central and southern Africa in reducing the
vector population by means of mass spraying in the late 1950s and 1960s have reversed
in many cases. In countries of Asia and parts of Latin America where malaria was
reportedly eradicated, the disease has reemerged as a major public health problem
(Hamoudi and Sachs 1999). New strains of malaria-carrying parasites emerging in Africa
and elsewhere are becoming resistant to known and common forms of treatment. The
emergence of these drug-resistant strains poses a further threat to efforts aimed at
curtailing the disease not only in Africa, but globally.

Although Africa is known to have the highest level of malaria endemicity in the
world, investigators have paid little attention to the measurement of the demographic
impact of the disease in the region. The present analysis is aimed at bridging this void by
estimating the total number of person-years that might be saved if malaria were
eliminated from the population. We employ cause-of-death data to estimate malaria and
all-cause mortality using multiple-decrement life tables. Assuming a hypothetical
situation in which malaria is eliminated, we estimate the expected reduced mortality that
could result and the consequent increases in life expectancy. This analysis complements
the paper by Binka et al. (1997), which examined the economic impact of malaria for the
same population.

STUDY SITE

This paper is based on data collected at the Navrongo Health Research Centre in
the Kassena-Nankana district of northern Ghana, within the Guinea Savannah woodland
zone of northern Ghana, where semiarid conditions arise from a short rainy season with
an average annual rainfall of 850-950mm (33-37 inches) followed by a dry and hot



season. Mean monthly temperatures are in the range of 20-40° centigrade (68°-104°
Fahrenheit). Although subsistence farming is the mainstay of the economy, crop
cultivation is limited to the rainy season. Limited irrigation farming is practiced during
the dry season, facilitated by the Tono Irrigation Project. Low agricultural productivity,
geographic isolation, and pervasive poverty typify the circumstances in Ghana’s northern
regions (Navrongo Health Research Centre 1999).

Both fertility and mortality have declined in the district, although levels remain
high (Navrongo Health Research Centre 1999). The total fertility rate (TFR) was in
excess of five children per woman of reproductive age at baseline in 1993, whereas infant
and child mortality rates were reported to be 116 and 22 deaths per 1,000 live births,
respectively (Binka et al. 1999). The high levels of childhood mortality are the result of
infectious and parasitic diseases such as malaria and of diseases related to diarrhea and
respiratory infections (Binka et al. 1994). Most children suffer from malnutrition,
exacerbating the mortality impact of disease. The health infrastructure in the district is
poor compared with many other parts of Ghana. Only one hospital serves the district; it is
located in Navrongo town and therefore is inaccessible to those living in scattered
villages, who represent about 90 percent of the district’s population. Although a few
health centers and posts exist in different parts of the district, these are inadequately
staffed and provide no services beyond primary care. Consequently, the majority of the
population relies on “self-medication” or the use of traditional medicine. As a result of
the low use of health-care facilities in the district, 82 percent of all deaths of children and
89 percent of adult deaths in 1995 occurred at home.

DATA

We employ cause-of-death data gathered at the Navrongo Health Research Centre
(NHRC) through the Navrongo Demographic Surveillance System (NDSS) (Binka et al.
1999). Since 1993, the NDSS has been monitoring demographic events—pregnancies,
births, deaths, and migrations into and out of Kassena-Nankana District. Currently, the
total population under surveillance is about 143,000 (Bawah et al. 2004). This paper uses
data for 1995 and restricts the analysis to the rural segment of the population, which in
1995 was estimated at 126,000. We excluded the urban population because it was not
integrated into the NDSS until the end of 1995. Also, at the time of this analysis the 1995
data comprised the only complete data set available from verbal autopsies.’ Data for a
total of 2,193 deaths are used for the analysis.

All deaths recorded in the NDSS are followed up with a verbal autopsy to
ascertain the possible cause of death. Verbal autopsy involves interviewing relatives or
caregivers who were closely associated with the deceased during the period leading to her
or his death. To evaluate health-program interventions, this method has been used
extensively in Africa and other parts of the developing world to ascertain information
about causes of death, especially the deaths of children (Garenne and Fontaine 1986;
Alonso et al. 1987; Greenwood et al. 1987; Boerma and Mati 1989; Snow et al. 1992;
Ghana VAST Study Team 1993; Oosterbaan 1995). Three independent physicians code
the data, and, for each death, a minimum of two must agree for a particular cause to be



assigned as the most probable cause of death. Through this procedure, about 17 different
specific causes of deaths were identified among children and 22 causes identified among
adults in the NDSS (see Figures 1 and 2).

As the two figures show, nearly a third of all childhood deaths and about a fifth of
adult deaths are attributable to malaria in this setting. Although the major causes of
childhood deaths differ from the adult deaths, malaria tends to dominate as the reported
main cause of death for both children and adults, if unknown causes of death are
excluded. A large proportion of causes of death are reported as unknown, indicating
either that a number of the interviews did not elicit adequate information from the
respondents to allow the physicians to make informed diagnoses or that the three
physicians differed in their assessment of the probable cause of death in many cases
(which might be the result of their being given poor information). Doctors’ disagreement
is more likely to occur in cases of adult deaths; more than 35 percent of these are coded
as unknown, consistent with the widely held view that verbal autopsies are not as reliable
for capturing causes of adult deaths as they are for capturing those of childhood deaths
(Kalter 1992). The data presented here have been evaluated thoroughly and found to be
of good quality (Bawah 2002).

ESTIMATION PROCEDURE

Direct estimation of the impact of malaria on mortality would be possible if
clinical records were available for deaths from the disease for the entire population or if
epidemic morbidity and mortality were precisely assessed (Bradley 1996). Neither of
these approaches is possible in most African settings because clinical records concerning
the disease are nonexistent for most episodes of illness and because the hyperendemicity
of malaria maintains its high and stable cycles of morbidity from year to year. Therefore,
we evaluate malaria’s effect on overall mortality by estimating the number of person-
years that could be saved assuming the disease was eliminated as a major cause of death
in this population, and we estimate its impact using multiple-decrement and associated
single-decrement life table techniques. This approach allows us to evaluate the extent to
which mortality could be reduced if malaria were eliminated from the population and
enables us to decompose by age the decrease in mortality as it would be reflected in
increased life expectancy. In this way, we are able to determine the ages for which a
decline in mortality from malaria would make the greatest impact on survival.

We employed multiple-decrement life tables and associated multiple-decrement
life-table techniques (Keyfitz 1985; Preston et al. 2001) to estimate mortality from
malaria and its impact on overall mortality. These methods rely on estimating the net
effect of competing risks from different causes, that is, from malaria versus from other
causes, under the assumption that different causes operate independently of each other
(Keyfitz 1985; Preston et al. 2001). Although the assumption of independence may be
unrealistic in some situations, determining the nature of dependencies is often difficult,
especially in the case of malaria, which can manifest a number of symptoms. As Preston
(1976) noted, the assumption of independence often is imposed on the analyst because
the rules of the International Classification of Diseases stipulate that, “while several



causes of death can be listed on a death certificate, each death must be attributed to one
cause in the primary tabulations” (Murray and Lopez 1996). Because this rule requires
assigning a primary cause of death, most medical practitioners tend to list only the cause
that they think is responsible for the person’s death. Therefore, we treat the causes of
death as being independent of each other. For a detailed exposition of the methodology
used here, see Appendix 1.

DECOMPOSITION BY AGE

To ascertain the age groups likely to contribute most to the total difference in life
expectancy at birth as a result of the elimination of malaria, we decomposed the total
difference in life expectancy into specific age groups, using the procedure proposed by
Arriaga (1984). This approach permits estimation of specific reductions in mortality due
to the disease by age group and consequent increases in life expectancy in the population.

all —malaria all —malaria all all
_ lx an r/Lx Tx+n lx lx+n
A = . —— + . — — ‘ )
n—x l —malaria l all lall l —malaria l —-malaria |’
x x 0 x

xX+n

where the superscripts all and —malaria indicate, respectively, with and without malaria.
The first term at the right side of the equation refers to the direct effect of a change in
mortality rates between ages x and x+n, whereas the second term refers to the sum of
both the indirect and interaction effects of contributions resulting from the number of
person-years to be added because of additional survivors at age x+n exposed to the new
mortality conditions (Preston et al. 2001). The equation used for the open-ended interval
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Thus, the change in life expectancy ( = Zx A, ) can be decomposed

according to the contribution of the different age groups.

DATA LIMITATIONS

Some of the deaths for which we have data have causes coded as “unknown.” In
other studies, such deaths often have been considered as a separate category, and
“unknown” has been designated as one of the causes. Because our interest is to estimate
the impact of mortality resulting from malaria, treating the unknown deaths as a separate
category implicitly assumes that they are the result of a competing cause. Some of the
deaths in this category, however, may indeed be the result of malaria. In response to this
dilemma, we first treated them as a separate category by adding them to the rest of the
causes other than malaria and then estimated the impact of deaths from malaria on overall
mortality.



Subsequently, we assumed that some of the deaths from unknown causes could
have resulted from malaria, and we allocated them proportionately among the known
causes and reran the analysis to see the magnitude of their effect on possible changes in
the mortality rates. We adopted this approach because treating the unknowns as a
competing cause of death may produce a conservative estimate if some of the deaths
resulted from malaria. Allocating them among known causes, however, may increase the
number of deaths calculated as resulting from malaria and its mortality impact.
Estimating the impact of the disease before and after the reallocation of the unknown
deaths approximates the possible range in the magnitude of mortality due to malaria in
the study population.

RESULTS

Of the 2,193 deaths recorded for 1995, 512 were diagnosed as resulting from
malaria, representing close to one-fourth (23 percent) of all deaths in the Kassena-
Nankana district. Malaria is broadly defined to include all febrile illnesses.* The overall
crude mortality rate for the district is estimated at 17.4 deaths per 1,000 and the crude
mortality rate for malaria is about 4.1 deaths per 1,000. Although these composite
estimates give a fair idea about the level of mortality, both from all causes and for
malaria in particular, they do not tell us anything about the age pattern of mortality. A life
table representing these deaths by age is presented in Table 1. As the table shows, the age
pattern of mortality for malaria is similar to that for all causes. Mortality is high at the
younger and older ages, showing the typical pattern of mortality in developing countries
(see also Figure 3). Specifically, the results show an estimated infant mortality rate (;m2))
0f 0.092 and child mortality rate (4m;) of 0.026. The corresponding estimated probabilities
of dying before age one (;g9) and between ages one and four for those who survive to age
one (4q;) are 0.087 and 0.097, respectively. These estimates translate into a life
expectancy at birth of 48.8 years, a pattern characteristic of a high-mortality population.

In Figure 3, the observed age-specific mortality rates from Navrongo are shown
for all causes combined and for malaria and are compared with age-specific mortality
rates for infectious diseases from Preston’s 2001 national populations. The age pattern of
mortality suggested by the Navrongo data compares closely with Preston’s estimates,
which he describes as representing the typical pattern of mortality for populations in
high-mortality settings where life expectancy is in the range of 45-54 years.

To evaluate the impact of mortality from malaria on overall mortality, we isolated
data for those deaths due to malaria that were diagnosed by means of verbal autopsy
interviews and estimated a multiple-decrement life table in order to answer the question,
“How many newborns may eventually die from malaria if the age-specific mortality
conditions of 1995 prevail?” Starting with a cohort of 100,000 new births, we estimated
that 22,250 of them may eventually die from malaria by the time they reach age 75,
assuming that the age-specific mortality conditions of 1995 prevailed throughout their
life course. This finding means that given the cause-specific mortality conditions of 1995,



more than 22 percent of all newborn children may eventually die from malaria by the
time they reach age 75, a very high mortality level.

In Table 2, we show the expected gains in life expectancy if malaria were
eliminated. The table shows that overall, the probability of surviving to age 75 is likely to
increase in the absence of malaria from 0.18 to 0.27, with a corresponding increase in life
expectancy at birth from 48.8 to 54.9 years, a probable gain of about 6.1 years. Figure 4
displays life expectancy at each age when all causes of death are combined and the
corresponding life expectancy at each age in the absence of malaria. The figure clearly
shows an increase in life expectancy at every age in the absence of malaria.

Although life expectancy is shown to have increased at every age in the absence
of malaria, the increase is more pronounced at the early ages of life than at other ages, as
depicted in Figure 4. Results from a decomposition of the gains in life expectancy at birth
discussed below show clearly that the younger age groups—those younger than five—
account for the greatest gains in life expectancy at birth. This result is expected because
most deaths (36 percent) occur in this age group and most of these deaths (27 percent) are
caused by malaria. Figure 5 portrays the number of those surviving to each age (/) when
all causes of death are combined and in the hypothetical situation where malaria is
assumed to have been eliminated as a cause of death in the population. Thus, starting
with a cohort of 100,000 new births, the figure shows that many more people would be
likely to survive at every age if malaria were eradicated from the population (see also
Table 2).

Although the estimates presented clearly demonstrate the potential improvements
in life expectancy at birth if malaria were eliminated, they do not clarify which age
groups potentially are likely to contribute most to this improvement. To answer this
question, we decomposed the total change in life expectancy at birth (6.1 years) by age.
Results of this decomposition are presented in Table 3. As the decomposition results
show, the age groups that likely would contribute most to an increase in life expectancy if
mortality from malaria were eliminated are children in the one-year and one-to-four-year
age groups). The contribution of under-five mortality to the total change in life
expectancy at birth is about 45 percent.

Although the results shown in Table 3 demonstrate a substantial impact of
mortality from malaria, we may have underestimated the impact of the disease because a
large proportion of the deaths that are diagnosed as “unknown” may, in fact, be caused by
malaria. The distribution of deaths from unknown causes has a shape similar to those of
infectious and parasitic diseases, among which malaria is the main cause of death (see
Appendix Figure Al). In view of this circumstance, we reallocated proportionally the
unknown deaths among the known causes and re-estimated the impact of mortality from
malaria (Appendix Tables A1 and A2 show the distribution of deaths before and after the
reallocation). In Appendix Tables A3—AS, we present multiple-decrement and associated-
multiple-decrement life tables and results of the decomposition of life expectancy at birth
showing the effect of mortality from malaria after the reallocation of deaths from
unknown causes.



When we allocated the deaths from unknown causes among the major categories
of known causes and re-estimated the impact of mortality from malaria, the estimated
probability of surviving to age 75 increased further, to 0.33, assuming that malaria was
eliminated as a major cause of death in the population. The corresponding life expectancy
at birth is also expected to increase further to 58.2 years from 48.8 years, representing an
estimated probable gain of 9.4 years. (Without the allocation, the estimated gain in life
expectancy is 6.1 years as noted above). Thus, after the allocation, there is an estimated
additional gain of 3.3 years from the initial estimate of 54.9 to 58.2 years. Appendix
Figure A2 portrays the decomposition of the respective expected increases in life
expectancy before and after the allocation of deaths from unknown causes. As
anticipated, the greatest contribution to the potential increase in life expectancy at birth if
malaria were eliminated is likely to come from children younger than one and those
between one and four years old.

Di1SCcUSSION AND CONCLUSION

Little systematic attention has been directed to researching the demographic
impact of malaria in Africa, although the disease remains the leading cause of childhood
mortality and is implicated in mortality risks at all ages. Because malaria is most severe
in infancy and childhood, much of the emphasis of clinical researchers and epidemiologists
tends to center on malaria occurring at these ages. Evidence from Navrongo demonstrates
that the disease affects all ages, although its mortality impact diminishes with age owing
to an increase in immunity that occurs over time. Findings from Navrongo support the
assessment of the Multilateral Initiative on Malaria (MIM) that the burden of malaria has
been grossly underestimated in Africa (Breman et al. 2001). The latter conclusions,
however, are based on clinical and epidemiological data that lack specificity for the age
pattern of mortality from the disease.

This paper documents the age pattern of mortality from the disease and its
consequential shortening of life. Our results show that between about one-fourth and one-
third of all deaths in this population are attributable to malaria, depending on the age
group considered. Striking differences exist by age: mortality from malaria is highest in
childhood—about 45 percent of the deaths due to malaria occur to children. Overall, the
results suggest that if malaria were eliminated from this population, life expectancy at
birth could be expected to increase by more than six years, constituting a substantial
achievement.

Contrary to the conventional view that the prevalence of mortality from malaria
is low at older ages, results from Navrongo suggest that it is high, a finding indicating
that immunity to the disease is compromised as age progresses. Older people tend to have
lower resistance to diseases in general compared with young adults, especially in Africa
where malnutrition is high. Malaria among the elderly may also increase their
vulnerability to other diseases.

The effect of mortality from malaria may have been underestimated where verbal
autopsy data are used, because not all deaths that are recorded for the surveillance project



are followed through with successful verbal autopsy interviews. Even in cases of deaths
for which interviews were conducted, the fraction coded as “unknown” is high. If malaria
deaths are assumed to represent a large proportion of the cases categorized as unknown in
the reported cases, it is possible that we have underestimated malaria mortality. For
example, if the deaths from unknown causes are allocated among the other categories, the
expected gain in life expectancy at birth increases by nine years, implying three
additional years gained beyond the six years achieved by eliminating malaria.

Our analysis suggests that the malaria epidemic represents one of the major
challenges facing Africa medically, socially, and economically. Results attest to the need
for a concerted effort by epidemiologists, parasitologists, entomologists, and social
scientists to build scientific understanding of this preventable yet deadly disease that has
long plagued large portions of the world’s population, especially in Africa.

NOTES

1 For example, in 1993 the World Bank ranked malaria as the leading cause of
disability-adjusted life years (DALYSs) in Africa, with an estimated loss of 35 million
future life-years from disability and premature deaths due to the disease (WHO, cited
in Binka et al. 1997). In a malaria summit between African heads of states and the
WHO Roll Back Malaria (RBM) team held in Abuja, Nigeria, concern was expressed
by the African heads of states about the enormous burden of the disease on the
continent, in terms of its toll on human life and the social and economic costs of the
disease to their countries. Consequently, the heads of states pledged to work together
with the RBM team to reduce the impact of the disease (WHO 2000).

2 Studies conducted in the Kassena-Nankana district of northern Ghana have also
demonstrated that malaria is the major killer of both children and adults in the area
(Ghana VAST Study Team 1993; Binka et al. 1994 and 1996; Binka 1997).
Demonstrating the impact of impregnated bed nets as a strategy for malaria control in
Kassena-Nankana, Binka et al. (1997) showed that about 16,800 child-years were
protected and 74 deaths of children averted at an estimated cost of US $8.80 per
child-year protected and US $2,003 per death averted. The estimated cost per
discounted healthy life-years gained was US $73.50.

3 Verbal autopsy is a tool for ascertaining causes of death in settings where no vital
registrations are maintained and where most deaths occur outside of a health
institution (Greenwood et al. 1987; Snow and Marsh 1992; Ghana VAST Study Team
1993).

4 The majority of patients presenting with febrile symptoms at the War Memorial

Hospital in Navrongo where malaria tests are conducted have tested positive for
malaria.
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Table 3 Decomposition of estimated changes in life expectancy at birth if malaria were

eliminated as a cause of death, by age group, Kassena-Nankana District, Ghana, 1995

Age group Lx oLy T, | et g malaria T, ™  Change Percent
0 100,000 94,290 4,875,779 100,000 96,491  5490,315 1.017 16.6
1-4 91,349 346,540 4,781,489 93,067 359,228  5393,824  1.740 28.3
5-9 82,478 407,361 4,434,949 86,986 430,746  5034,596  0.239 3.9
10-14 80,474 398,807 4,027,587 85,318 423,765  4603,849  0.183 3.0
15-19 79,131 393,202 3,628,780 84,266 419,620  4180,085 0.155 2.5
20-24 78,115 386,570 3,235,578 83,532 413,896  3760,464 0.091 1.5
25-29 76,357 374,768 2,849,008 81,877 403,253  3346,568 0.208 34
30-34 73,472 360,744 2,474,240 79,347 390,439 2943315 0.114 1.9
35-39 70,768 345,155 2,113,496 76,772 376,064  2552,876  0.199 32
40-44 67,196 326,585 1,768,341 73,572 359,271 2176,812  0.182 3.0
45-49 63,313 304,204 1,441,756 70,023 339,063  1817,541  0.238 39
50-54 58,241 278,352 1,137,552 65,465 314,836  1478,479  0.169 2.8
55-59 52,835 243,024 859,200 60,273 284,634  1163,643 0.421 6.9
6064 44,607 202,955 616,175 53,354 247,572 879,009  0.202 33
65-69 36,824 156,935 413,221 45,440 203,090 631,437 0.367 6.0
70-74 26,514 111,232 256,286 35,703 154,846 428,347 0.175 29
75+ 18,464 145,054 145,054 26,673 273,501 273,501  0.443 7.2
Total — — — — — —  6.145 100.0
— = Not applicable.

Note: Functions are defined as in Table 1.
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Figure 1 Diagnosed causes of death among children, Kassena-Nankana District,
20 -

Ghana, 1995
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Rate (log)

Figure 3 Age-specific mortality rates (ASMR) for mortality from all
causes and from malaria, Navrongo, Ghana, compared with Preston's
estimates for mortality from infectious diseases
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Figure 4 Comparison of estimated life expectancy for each age group
without malaria, Kassena-Nankana District, Ghana
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Proportion

Figure 5 Estimated proportion of individuals surviving to each
age with and without malaria, Kassena-Nankana District, Ghana
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APPENDIX 1

In the analysis of causes of death, the force of the mortality function from different causes
is additive because disentangling precisely the effects of other causes of death is difficult,
particularly in settings where precise measurement is not possible. Thus, the sum of the
different causes is equal to all causes combined as represented in equation (1) thus:

u(x) = Zﬂi (x), ()

where y(x) is the force of mortality from all causes combined and parameters z4(x) refer
to the death rate for the ith cause of death. This implies that the rates of decrements are
also additive:

i

nmx:anxi’ (2)

i=1

where ,m, is the rate of decrement from all causes and ,m,; in this case is the rate of
decrement from malaria.

In light of the basic relationship between mortality rates (,m,) and the probability
of dying (,g,) as shown in the conventional life table, the transformation of the rates to
probabilities of dying is shown in the following equation as:

n.,m,

29 (3

= 9
1+ mn—,a.), m,

where ,a, is defined as the average number of person-years lived in the interval x to x+n
by those who died in the interval. This relationship extends to multiple-decrement
processes as follows:

n'n mxi

s
1 + (n_nax )(nmxi +nmx,—i)

i = “)

where ,m,; and ,m,_; represent decrement rates from malaria and all other causes other
than malaria combined, respectively. Data concerning the causes of death by age and the
corresponding number of person-years by the same subcategories define the probabilities
of dying at each age (,q.), by cause of death. Unfortunately, obtaining the ,a, values is
often difficult. We employed different techniques to estimate the ,a, values. We assumed,
first, that those who died in the interval on average lived halfway through the interval. On
the basis of this assumption, we adopted an initial value of 2.5 for all age groups with an
interval of five years. For the younger than one-year and one-to-four-year age groups, we
adopted the procedure suggested by Coale and Demeny (1983).
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Using the ,a, values of 2.5 in the ,m,—,q, conversion formula, we first estimate
«q~ values and use these to obtain ,d, (the number of deaths between age x and x+n) in a
life table. These ,d, estimates are plugged into the iteration formula below to obtain new
sets of ,a, values. These values are subsequently reintroduced into the ,m,—,q.
conversion formula to re-estimate new ,d, values, which are reintroduced in the iteration
formula to obtain a new set of ,a, values. This process is repeated until stable estimates of
«ay are achieved (Preston et al. 2001). The iteration equation used is specified as follows:

_indx—n +gndx +§ndx+n
n%x T d : (5)

n X

The stable ,a, values then are used to generate a life table for Kassena-Nankana District
through the basic ,m,—,g, conversion formula. With the overall life table generated, we can
estimate the probability of dying from malaria (,q.), by applying the proportion of deaths that
are due to malaria to the overall probabilities of dying for each age, ,q, as follows:

= ©)
where ,q,; and ,D,; represent the probability of dying from malaria and the observed
number of deaths from malaria, respectively. The above relationship is based on the
assumption that the observed death rates for malaria (,M,;) are equal to the life-table
death rates for malaria (,m,;), that is, ,M; = ,my,.

Estimating the contribution of mortality from malaria to overall mortality also
permits us to estimate the effect of completely eliminating malaria through ‘“cause-
deleted” life-table analysis (Chiang 1968). If malaria were eliminated as a cause of death,
survival at age interval x to x+n, will be represented as:

nPx—i = nPx ‘
The approach described above assumes that the force of mortality function from each
cause is proportional to all causes combined in the interval x to x+»n and constant
throughout the interval (Keyfitz 1985; Preston et al. 2001). The ,a, values for the

associated single-decrement life table were obtained using the following formula for all
age groups except the first two and the last:

a 7i:n+R""—qx(nax—n), (8)

n"x,
n qx,—i

where ,a,_; refers to the average number of person-years lived by those dying in the
interval from all causes other than malaria, and R’ represents the proportion of deaths due
to malaria. For the other age groups, the iteration procedure used for estimating the ,a,
values in the parent life table is used.

21



(44

-o1qeordde JoN = —

0001 — 0'00I 000 000T 000I 000I 000 000 000I 000 000I 000 000I 000I 000I 000I 000I JuddIdd

— (61’0 #0©) (eLD  (gzD) (89D (z11) (66) (59 (€L) (09) (¥s) () (190 (S (k6) (89 (¥LE) (N)

79¢ (v6L)  L'9¥ S 4% SYS LIy 6ty 605 68¢ 99y O0ve LoV TP TSP 16 ¥eT 8vl  LOE S13Y)0 / usmouu)

¢e (T 9T 194 80 0'¢ 9'¢ 0y L'L 89 0cl Lt et §9 €Ccr 901 01 €0 Kamfuy

9¢ (gTn)  ¢'8 86 VIl €8 6'8 '8 801 T8 ovl 8vI 16 00 €S 00 00 00 RELHO)

S9sBaSIp

61 (T 9Y 'y 9 8t 81 01 00 00 00 61 00 e 00 00 00 00 Je[noseAoIpIe))

zo (9 00 00 00 90 8’1 01 00 vl 00 00 00 00 00 00 00 00 swsejdoaN

SASBISIp

JqBIIUNWIWIOIUO N

1 (90 00 00 00 00 00 00 00 00 00 00 00 00 e 'l 9'C e uonLynue

Lo D 00 00 00 00 00 0¢C I'e ¢S 09 L'e 19 e 00 00 00 00 SOsNED [EUIEN

SUOIOOJUI

Ty (€6) 00 00 00 00 00 00 00 00 00 00 00 00 e 137 L0 ¢TI Arojendsay

saseasip onsered

vvy (SL6)  SLE £6¢ 89C LIy Ty g€ 00y ¢S1€ 0ve TSE €0€ 61y +vOor 965 80L 90F pue suonoJu]

e (8h) 00 00 00 00 00 00 00 00 00 00 00 00 00 'l 00 971 SUonIpuod [ejeuliod

SuonIpuod

[euonLIINU pue

‘reyeurdd ‘feurdjew

Qrqediunuwwo))

ITEEIIN(N)) +0L 69-S9 909 6SSS ¥S0S 6VSv ¥ O0F 6€S€ vE0E 6T-ST ¥T0T 6I-SI ¥I0I 6°S 1 > Y)eap Jo asne)
-1RJ

dnoug a3y

G661 “euryD 10LISI( BuBUBN-BUISSEY ‘dnoid a3e pue osned Aq

‘syjeap Jo uonnqrysIp o5eIuddI0g

IV dlqeL xipuaddy



154

-9[qeordde 10N = —

— (€617 (b09) (wL1) (gT1) (LoD (b1D) (66) (+9) (Tv) (19) (bS) (g9) (ze) (LS) (g6) (¥8¢) (£LE) (N)

as 611) S1 L z 6 L 8 8 6 6 ¢ L v I €1 s I Amfuy

zor (T ey 1€ 1€ vT 81 91 11 11 Il ¥ S 0 S 0 0 0 ReliiTe)

9¢ (6L) 9z €1 81 ¥l ¥ 4 0 0 0 4 0 4 0 0 0 0 SOSBASIp JE[NOSBAOIPIE)

¥'0 o o o o ¢ ¥ T O T 0O 0O 0 O o0 0 0 o0 swse[doaN

SISBISIP I[BINUNWILIOIUON

9'1 (9 0 0 0 0 0 0 0 0 0 0 0 0 € I 1 6l uonLynule

€1 (82) 0 0 0 0 0 v € L S ¢ ¢ z 0 0 0 0 SOSNED [BUIIBIN

9'¢ (49 1) 0 0 0 0 0 0 0 0 0 0 0 € S 8 99 suorjooyur A10jerdsay

L'89  (80S1) vIz €T1 C¢L 0Tl 18 L9 T € 9T € L1 YT s¢ €L  6lE 6IC SSBISIP

oniseted pue snorodJuf

(43 69 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 89 SUONIPUOD [BJBULID]

SuonIpuod

[euonLnu pue ‘rejeurrdd

‘[ewId)ew ‘d[qedrunuuio))

JuD [(N) +0L 6959 9909 65—SS SS0S 6V—SVv vvr—0F 6€—S€ ¥€—0€ 6C—ST ¥Y7T—0T 61-SI vYI0I 6-¢ +1 > Yjeap jo asne)
-1d

dnoa3 33y

G661 ‘BURYD OLNSI(J BUBYUBN-BUISSEY ‘YIEop JO SISNED UMOUNUN I} JO UONEBIO[[E 1ok ‘asned Aq ‘Syjeap jo roqunN gV d[qe ] xipudddy



144

'sosed o1y10ads-eLierew 0} 10§o1 3drosiodns se  eLe[EwW,, Y)IM SUOOUNJ SO L, | S[qEL UI SE PAULop oIt SUONOUNy IOyl [
"A12ADOAdSAI “SyFEAP O1103ds-BLIE[EUW PUE SISNED [[€ WO SYIBIP 03 13X (D PUB (T :SIION

-o[qeordde JoN = —
— IsS'ee  ISS'€E — - — — — — — — — — €61°C  810°97I [®J0L
8700 186°9 1869 8LED 6L ¥SO'SYI vSO'SYT  ¥9¥'81  ¥9¥'ST 0000 0001 LTI'O 6L 9L 10T 6LS‘1 +SL
€200 096 6LST  L600 L6 98T9ST TETIIT  0S0°8 vIS9T 9690 +¥0€0 TLOO €T 123 €01 €Tyl vL—0L
L20°0 ToL'El  1€TY  SI10 TIL I1TTEly S€6°9ST  0I€0l  $T89€ 0TL0O 08TO 9900 T IL eL1 €€9°C 69-59
100 96191  ¥O¥T  ¥S0°0 8€l SLI9I9 $S6°TOT  €8L°L  LO9WY 9780 ¥LI'O 8€00 ¥T 8¢ ecl LOT€E ¥9-09
¥10°0 ST9'61  8T¥'E $90°0 €91 00T°6S8 vTo'evrT  8TT'8 SE8°CS P80 9SI'0  ¥E00  ¥'T 0L 891 96y 6556
S00°0 876°0C  €0€°l 00 S'6l TSSLEI'l  TSEBLT  90P'S I¥T'8S  L060 €600 6100 9T LT (48! 99L°S ys—0¢
900°0 9€9°TC  80L'l L20°0 8TT 9SLIWY'T  ¥0THOE  TLOS €1€°€9 0260 0800 LIOO 9T €€ 86 8L8°S 6v—S¥
€000 T6S°€T 956 ¥10°0 €97 IvE89L'T  $8S9TE  T88E  96I°L9 T¥6'0  8S00 CTIOO 9T 91 S9 89¥°S 147aVi%
€000 899°%C  LLOI SI00 66T 96V €IIT SSI'SYE  €LSE 89L°0L 0S60 0SO00 0100 9T (44 €L TS0°L 6¢—S¢
100°0 SSI°ST LSV LO00  L'€E OVTPLY'T ¥PL'09E  €OLT  TLY'EL €960 LEO'O LOOO 9T 6 0s TL9%9 Pe-0¢
2000 956°ST 108 0100 €LE 800°6¥8°C 8ILYLE  S88C LSE9L  T96'0  8€00 8000 9T Sl 123 S10°L 6C—5¢C
100°0 9LT°9T  0TE ¥00°0 v'Iv 8LS'SET'E  0LS'98€  6SL'I SIT'8L LL6O0 €T00 SO000 LT 9 123 vSTL ¥¢—0¢
100°0 L9L9T  16¥ 9000 6'St 08L°8T9°€  TOT'€6E  SIO‘I I€1'6L L860 €100 €000 9T Sl Ie v00°CI 61-¢I
100°0 T9T°LT  S6Y 9000 0°0S L8SLTOY  LO8'86E  PHE'L vLY'08 €860 LIOO €000 €T IC LS 0T6°91 Y1-01
100°0 S6L'LT  €€S 900°0 8'€S 6v6vEYY  19€°L0¥  $00°C 8LY'T8  9L60 ¥TO0 SO000 ST S¢ v6 901°61 6—S
010°0 891°1€  €LE€E L€00 €TS 68YISLY  OvS9re 1.8 6¥E€16 €060 L600 9700 6'1 4! ¥8¢ 100°S1 !
§20°0 IGS°CE€  T8ET  ¥TO0  8'8F 6LLSL8Y  06T16 1698 000°001 €160 L800 T600 €0 €01 vLE 9L0°C 0
atiaExE: ats_xEx— s_ha_sEx—u._ EEEExU: X3 x,H awh: xmu: x— b XpU T XpU a_._s_aEQ __an mhﬂoxﬂlﬂ,— X 0M<

0LISI(] BUBUBN-BUOSSEY] ‘SOSNEO UMOUNUN WOIJ SYJEIP JO UOIBIO[[ IoJe 9]qe) 9JI] JUSWIodp-o[diniu pue [e10uan)

S661 ‘BuByD

£V dlqe ] xipuaddy



$¢

“eLIe[eUI UBY[) JOUJO SIsNED 0) aNp SYIeap 03 1ojar jdurosiadns se  eLe[et—,, YIIm SUOIOUNJ oS0y ], ' 9[qe], Ul Se Pauljap aIe suonounj [[y :9JoN

971 €60°1 1Y €60°IIY  6L0°0 971 001 TWST’E 000°1 TrsTE 0000 TTYO 0000 #9¥°8I1 +SL
eyl GSS°S6S a7z 610°0 ¥'C 6¢'1 €L0°6 81C°0 v19°1y  T8L'0 0890 9690 ¥1S9C vL—0L
! 65T°9T8 Y0L0ET 6€0°0 94 651 €68°8 9LT°0 LOS0S T80 0650 0TL'0  ¥T8°9¢ 69-59
06l TOTL60T  €€0°1LT L2T0°0 9¢ 1 9S1°L ¥Zro ¥99°LS  9L8°0 1690 9780  LO9VY ¥9-09
0°ce 90°10¥° 1 ¥SL'E€0E 0700 9C 99°'1 $86°S ¥60°0 6¥9°€9 9060 €850 vr80  SE8°CS 65—6¢S
€'6¢ €E6°TEL'T  L88°0EE  SI10°0 9C 0¢'l 788t 1L0°0 €€S°89 6760  6SL0 LO6'0  1¥T'SS 50§
8'8¢C 6L9Y80T 9L TSE 110°0 9C 61’1 €06°€ ¥50°0 9EVTL  9¥6'0 €990 0T6'0  €1€°€9 6 —Stv
1443 L6ESSHT  8ILOLE 6000 9C (4! €Tee 700 6SL'SL 9560 ¥SL0O 6’0 961°L9 -0t
9¢ PSEIY8T  LS6°SSE L00°0 9°¢ 44! T6LT 9¢0°0 ISS'8L 1960 6690 0S6'0  89L0L 6€—6¢
0oy LYEOYT'E  £66°86€ 9000 94 14! 4524 0€0°0 €00°18 0L60 0780 €960 TLV'EL ye—0¢
8'¢cy 197°159°c  ¥16°01¥ 9000 97 8¢'1 G8TC L20°0 88T°€8  €L60  TTLO 796’0 LSE9L 6C—SC
08y 9L6TLOY  SIL0TY ¥00°0 LT (14! 995°1 810°0 SS8v8 7860 8IS0 LL60  STI8L ¥Z—0¢C
LTS YO8°L6YY  8T8°STY 100°0 LT €6'1 89¢ L00°0 TS €660 9150 L86'0 I€16L 61—GI
I'LS 886976 ¥81°6TY 2000 €7 8G°1 €16 11070 GEE98 6860 TEY0 €86'0 ¥LP08 v1-01
019 G8S°T9E'S  L6S'SEr #0070 94 9¢'1 €LS°1 810°0 806°'L8 T86'0  ¥ELO 9L6'0 SLV'T8 6—¢
I'r9 P16YTL'S  6T€T9€ 9100 6’1 861 LS 190°0 ¥S9°€6  6€6'0 0790 €060 6VE16 e
7’88 90L°1T8°S  T6L96 990°0 S0 9¢'1 9rE9 £90°0 000001 LE60  STLO €160 000001 0
sz-xElxo x_._a_xElx,H sta.sElxwﬂ: sz.xEle: E.E_xElx.w: s_‘_s_sElx—u__\xU: a_;_sElxmu: x_._s_xElg—u._ a_‘.s_aElx— sTs-xElQ .ﬁs_xElm *d" x— X 0M<

G661 ‘euryn OLNSI(] BURYUBN-BUISSEY ‘Sasned umouun
JO uoIIedO[[B 19)J€ BLIE[EW UBY) JOYIO [JBIP JO SISNED I0J J[qe) 1] JUSWAIOIP-[SUIS PAIRIOSSY YV dqe L xipudaddy



Appendix Table AS Decomposition of changes in life expectancy at birth after
allocation of unknown deaths, by age group, Kassena-Nankana District, Ghana, 1995
Age x 1, L T, | malaria oy -malaria T, ™"  Change Percent

0 100,000 94,290 4,875,779 100,000 96,792 5,821,706  1.434 15.2
14 91,349 346,540 4,781,489 93,654 362,329 5,724,914  2.061 21.8
5-9 82,478 407,361 4,434,949 87,908 435,597 5,362,585  0.315 33
10-14 80,474 398,807 4,027,587 86,335 429,184 4,926,988  0.272 2.9
15-19 79,131 393,202 3,628,780 85,422 425,828 4,497,804  0.248 2.6
20-24 78,115 386,570 3,235,578 84,855 420,715 4,071,976  0.146 1.5
25-29 76,357 374,768 2,849,008 83,288 410,914 3,651,261  0.336 35
30-34 73,472 360,744 2,474,240 81,003 398,993 3,240,347  0.185 2.0
35-39 70,768 345,155 2,113,496 78,551 385,957 2,841,354  0.368 3.9
40-44 67,196 326,585 1,768,341 75,759 370,718 2,455,397  0.291 3.1
45-49 63,313 304,204 1,441,756 72,436 352,746 2,084,679  0.461 4.9
50-54 58,241 278,352 1,137,552 68,533 330,887 1,731,933 0.305 3.2
55-59 52,835 243,024 859,200 63,649 303,754 1,401,046  0.712 7.5
60-64 44,607 202,955 616,175 57,664 271,033 1,097,292 0.435 4.6
65-69 36,824 156,935 413,221 50,507 230,704 826,259  0.660 7.0
70-74 26,514 111,232 256,286 41,614 184,462 595,555  0.350 3.7
75+ 18,464 145,054 145,054 32,542 411,093 411,093  0.882 9.3
Total — — — — — — 9.459 100.0
— = Not applicable.

Notes: All functions are defined as in Table 1. Those functions with “—malaria” as superscript refer to deaths due to
causes other than malaria.
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Appendix Figure A1 Age-specific mortality for deaths from in-
fectious diseases and from unknown causes, Navrongo, Ghana, 1995
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